The Hagemann's ester ( Fig. 1 ) has been extensively used for the synthesis of various complex compounds.
1,2 The reason might be due to its highly-functionalized nature and ready availability.
1,2 The reaction of Hagemann's ester and an electrophile can occur theoretically at C-1, C-3, C-5, and C-2' positions ( Fig. 1) . As an example, however, it has been generally accepted that the site preference for alkylation was C-3, the resulting C-3-alkyl derivatives often being accompanied by small amounts of the C-1-alkyl products.
1a
Although the Hagemann's ester could be air-oxidized to poly-substituted phenol or catechol derivatives, a small piece of work has been reported, 3 to the best of our knowledge. Irie and co-workers examined an aerobic oxidation under the influence of KF/DMSO/O 2 at 60 o C to obtain C-1 oxidation product (62%) along with a trace amount of C-3 oxidation product (1%).
3a Stoodley and co-workers obtained a C-1 oxidation product only under the influence of excess amounts of activated charcoal (3 days, reflux, 50%). Recently, we have synthesized many interesting compounds using an aerobic oxidation under the influence of a base such as DBU and K 2 CO 3 . 4 Meantime we decided to examine the aerobic oxidation of Hagemann's ester under basic conditions. We imagined that C-1 oxidation would produce either 3a or 4a, while 2a could be produced by C-3 oxidation, as shown in Scheme 1. Thus we prepared compound 1a from benzaldehyde and methyl acetoacetate according to the reported procedure as a cis/trans mixture (ca. 1:8), 1b,1e,2c,2h
and examined an aerobic oxidation. Initial experiment of 1a with K 2 CO 3 /DMF under O 2 balloon atmosphere produced 2a (25%) and 3a (35%) in moderate yields. We could not obtain a phenol derivative 4a at all. Aerobic oxidation of 1a, most likely via the carbanion intermediate I, would produce II and 3a. The intermediate II was converted to a catechol derivative 2a by tautomerization and concomitant aerobic oxidation.
The ratio of 2a/3a as well as the combined yields could be improved by modifying the reaction conditions, thus we examined various aerobic oxidation conditions, as shown in Table 1 . However, the use of K 2 CO 3 , DBU, and TBAF (entries 1-3) afforded similar yields of products (60-67%), while the use of imidazole and pyridine was not effective (entries 4 and 5). Solvent effect was also negligible (entries 6-8), unfortunately. Although the difference is small we chose the conditions in entry 7 as the optimum one based on the combined yields. 
Scheme 1

Notes
In order to check the generality, starting materials 1b-h were prepared 1,2 and examined an aerobic oxidation under the optimum conditions. The results are summarized in Table 2 . In the reactions of 6-aryl derivatives (entries 1-5), the yields of catechol derivatives 2a-e were low (19-27%), while the yields of C-1 oxidation products 3a-e were moderate (45-52%). The reaction of 6-pentyl derivative 1f produced 3f (59%) as a major product (entry 6). Trace amount of 2f was observed on TLC; however, we could not obtain 2f in appreciable amounts. The reaction of 6-methyl derivative 1g also afforded 3g (61%) as a major product (entry 7), and this result is similar to that of Irie. 3a Quite surprisingly, the reaction of 1h produced catechol 2h as a major product in moderate yield (47%, entry 8). The different reactivity of 1h is not clear at this stage.
5
It is interesting to note that compounds 3a-f were obtained as single diastereomers although we used cis/trans mixtures of 1a-f. 3a The only exception was 6-methyl derivative 3g (entry 7). A trace amount of the other diastereomer was contaminated (ca. 10%). The stereochemistry of 3a-f is thought to be as that shown in Figure 2 , tentatively.
6 NOE experimental results with 3d stated that the substituent at C-6 and an ester moiety are positioned in a cis-relationship.
A useful synthetic application of C-1 oxidation products was demonstrated in Scheme 2, with 3a as a representative example.
7 Treatment of 3a with NaI in DMSO (120 o C, 30 min) produced 5a via NaI/O 2 -assisted concomitant dealkoxycarbonylation/aerobic oxidation.
8
In summary, we examined an aerobic oxidation of various Hagemann's ester under the influence of DBU in CH 2 Cl 2 . Hydroxylation at C-1 position is favored to produce 1- hydroxycyclohexenone derivatives in moderate yields, while hydroxylation at C-3 position occurred as a minor pathway.
Experimental Section
Typical Procedure for the Preparation of 1a. A stirred solution of benzaldehyde (212 mg, 2.0 mmol), methyl acetoacetate (580 mg, 5.0 mmol), and piperidine (85 mg, 1.0 mmol) in MeOH (6 mL) was heated to reflux for 5 h. After aqueous extractive workup and column chromatographic purification process (hexanes/EtOAc, 6:1) compound 1a was isolated a white solid, 342 mg (70%).
1b,1e,2c,2h Other Hagemann's esters
) were prepared similarly, and the spectroscopic data of unknown compounds, 1b-d are as follows. 
